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A B S T R A C T   

Objective: The vaccines for measles, mumps, rubella and varicella (MMR and V) have been mandatory in Italy 
since 2017. Two different vaccination strategies are suggested for the first dose: trivalent MMR and a separate V 
vaccine or the tetravalent MMRV vaccine. Our aim is to compare the safety profile of MMRV and MMR-V 
vaccines through the passive adverse event reporting system in the Veneto region and to perform a case-by- 
case review of a few conditions of interest (febrile and afebrile seizures, ataxia, encephalitis, Guillain-Barré 
Syndrome, thrombocytopenia, neutropenia and Henoch-Schönlein Purpura). Age and sex differences were also 
explored. 
Methods: We identified all reports following MMRV or MMR-V vaccination in the Veneto Region and received 
into the National Pharmacovigilance Network between 2007 and April 30, 2022. 
Results: 9,510 reports were retrieved, of which 5,662 (59.5 %) were related to MMRV and 3,848 (40.5 %) to 
MMR-V. No safety signals were detected supporting the evidence that MMRV and MMR-V vaccinations have a 
good safety profile. The reporting rate (RR) for serious events between 2007 and 2022 resulted in 13.67 per 
10,000 administered doses for MMRV and 10.90 for MMR-V. 
Conclusion: Passive surveillance data show a significantly higher rate of serious events for males 0–2 years old, 
both overall and stratified per vaccination strategy. Further studies are needed to confirm this observation. The 
analyses suggest that retrieved differences do not have a significant impact on the overall safety of both 
formulations.   

1. Background 

In Italy the measles-mumps-rubella (MMR) vaccine has been rec
ommended at a national level since the early 1990s, while universal 
varicella immunization began only with the 2014 birth cohort (Pre
ventive National Vaccination Plan – PNPV 2005–2007). All 4 vaccines 
became mandatory nationwide starting from the 2017 birth cohort due 
to vaccination coverage worryingly dropping below 95 % (Law n. 119/ 

2017). Indeed, vaccine hesitancy led to a decrease in measles vaccina
tion uptake in recent years resulting in an alarming outbreak with over 
4,000 cases and a few cases of death registered in Italy in 2017. 

Currently, for the 4 vaccines, a two-dose schedule is recommended at 
12 months and 5 years of age (PNPV 2023–2025). Two different 
vaccination strategies were initially suggested for the first dose: either 
the use of the tetravalent MMRV vaccine or trivalent MMR with a 
separate Varicella (V) shot administered in the same vaccination session. 
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For the second dose, the preferred strategy is administering the tetra
valent MMRV vaccine. The available combined MMRV was approved by 
Food and Drug Administration (FDA) and the European Medicines 
Agency (EMA) between 2005 and 2006. The tetravalent formulation 
offers several advantages including a decrease in the overall burden of 
injections, increased parental acceptance, and the potential for 
decreased local reactions, leading to higher vaccination compliance and 
improved immunization rates (Bauchau et al., 2015). Since the intro
duction of the tetravalent formulation, several post-marketing surveil
lance studies showed an approximately 2-fold increased risk of febrile 
convulsions for MMRV compared to MMR-V after the first dose (Leung 
et al., 2015; Ma et al., 2015a; Schink et al., 2014). Therefore, the MMR-V 
schedule was recommended for children at risk of febrile convulsions. 

According to the Centers for Disease Control (CDC), the best strategy 
should be decided through a successful two-way discussion between 
healthcare providers and the parents/caregivers (CDC, 2021). The main 
aims of passive surveillance systems are to promptly detect new risks 
and enhance transparent communication on vaccine safety data to in
crease population confidence in immunization programs and their 
involvement in decisions regarding vaccination. Indeed, mandatory 
vaccination should be considered an emergency measure, while a cul
ture of vaccination founded on trust should be actively promoted across 
all levels of the National Health System (NHS). 

This study aims to assess and compare the safety profiles of MMRV 
and MMR-V vaccines over a large period through the passive adverse 
event reporting system (Italian Pharmacovigilance Network) in the 
Veneto region and to perform a detailed case-by-case review of a few 
conditions of interest identified from the literature. A secondary aim is 
to explore differences in the distribution of Adverse Events Following 
Immunization (AEFIs) by sex and age. 

2. Materials and Methods 

2.1. Data source and included reports 

The Italian Pharmacovigilance Network (RNF) is the national sur
veillance system of AEFIs. It was established in 2001 and is managed by 
the Regional Pharmacovigilance Centers (RPCs) coordinated by the 
Italian Medicine Agency (AIFA). All AEFI reports from healthcare pro
fessionals, pharmacists, patients/citizens, and pharmaceutical com
panies are collected in the RNF and analyzed by AIFA in collaboration 
with the RPCs to detect potential safety signals. 

Reports notified as “serious” are defined as “any untoward medical 
occurrence that at any dose results in death, is life-threatening, requires 
inpatient hospitalization or prolongation of existing hospitalization, results in 
persistent or significant disability or incapacity, or is a congenital anomaly/ 
birth defect” (Directive, 2010/84/EU). Moreover, clinicians can classify 
an event as serious if they judge it as clinically relevant. All serious re
ports are evaluated by the RPCs and AIFA to establish a possible causal 
relationship with vaccines (causality assessment) according to the al
gorithm developed by World Health Organization (WHO) (WHO User 
Manual − 2019 Update). A causal association is classified as “consistent” 
when the relationship between the AEFI and the vaccination is sup
ported by robust evidence, “indeterminate” when evidence is too 
limited, “inconsistent” when evidence excludes a causal relationship or 
“unclassifiable” in case of inadequate or incomplete information. 

Administered Doses (AD) were obtained from the Regional Vacci
nation Registry of the Veneto Region to calculate Reporting Rates (RR) 
(Supplementary file 1). The Veneto region accounts for almost 
5,000,000 inhabitants, of which 102,329 are infants under 2 years old 
and 1,135,750 are children between 3 and 11 years old (Istat Data, 
2021). In 2021, vaccination coverage for the first dose (at 24 months) of 
each MMRV vaccine was approximately 95 % for measles, mumps, and 
rubella and 94 % for varicella. Data for the second dose coverage (i.e., 
for vaccinations at age 5/6) were 88 % for measles, mumps, and rubella, 
and almost 84 % for varicella (Istat Data, 2021). 

All AEFI reports following MMRV or MMR-V vaccination in the 
Veneto Region and received into the RNF up to April 30th, 2022, were 
included. MMR-V reports were identified by searching those referring to 
MMR and V vaccines administered in the same session. 

These data also include reports from an active surveillance project on 
the safety profile of MMRV and MMR-V first doses in the Veneto Region, 
conducted from 08/01/2013 to 07/31/2014 (Cocchio et al., 2015). 
Anonymized MMRV and co-administered MMR and V AD between 01/ 
01/2007 and 04/30/2022 categorized into sex, age group and year of 
administration were included. 

The study met the university’s guidelines for protecting human 
subjects concerning safety and privacy. The analysis of spontaneous 
reporting data doesn’t need ethical approval according to local laws and 
regulations. 

2.2. Data collection and data analysis 

All reported AEFIs were described according to distribution by 
vaccination strategy, sex and age groups (infants, children, adolescents, 
adults). Sex was defined according to the Sex and Gender Equity in 
Research (SAGER) guidelines, i.e. as “a set of biological attributes that are 
associated with physical and physiological features” (Van Epps et al., 2022). 
Serious reports’ distribution by vaccine strategy and seriousness criteria 
was also described. Moreover, distribution by IME (Important Medical 
Events, a list of potential AEFI judged important by EMA) was analyzed 
to explore possible differences in clinically relevant events between the 
two vaccine formulations. RRs for AD were calculated for MMRV and 
MMR-V both overall and for serious reports between 2007 and the first 
four-month period of 2022. 

The safety profile of the two vaccination strategies was described 
according to a few conditions of interest identified by literature as 
related or potentially related to MMRV or MMR-V vaccines and, there
fore, potentially influencing trust in vaccination. Specifically: febrile 
and afebrile seizures, ataxia, encephalitis, Guillain-Barré Syndrome, 
thrombocytopenia, neutropenia and Henoch-Schönlein Purpura (Bau
chau et al., 2015; Cecinati et al., 2013; Muturi-Kioi et al., 2016; Pahud 
et al., 2012; Patja et al., 2001; Piram et al., 2018; Plesner et al., 2000; 
Watson et al., 2012). 

In the RNF, the AEFIs are coded using the Medical Dictionary for 
Regulation Activities (MedDRA). The reports describing the conditions 
of interest were identified using a search strategy based on Standardized 
MedDRA Queries (SMQ), when available. Otherwise, a list of Preferred 
Terms (PTs) was selected for each condition according to specific 
diagnostic criteria. Searching strategies and case definition criteria are 
described in Supplementary file 2. The team assessed each report to 
identify the diagnostic certainty level of the event and to classify the 
causal relationship with vaccination. Specifically, retrieved reports for 
each condition were ranked according to Brighton Collaboration case 
definition criteria (when available) to exclude “level 5” ones (i.e., “not a 
case”). Only reports “consistent” or “indeterminate” at causality 
assessment were included for further analyses. The date of onset for each 
condition was obtained by analyzing available documentation (case 
description, discharge letter, etc.); the time of onset for each report was 
then calculated considering the time frame between the vaccination date 
and the date of onset. The time of onset for each condition was calcu
lated as median and interquartile range. RR per AD for consistent and 
indeterminate cases referred to the conditions of interest for each 
vaccination schedule was calculated. 

Regarding the secondary aim, RR per AD by sex and age class (i.e. 
0–2 vs 3–12) was explored. 

Differences in the frequency distribution (RR) were tested using Chi- 
square tests. The significance level was set at 0.05. 

3. Results 

A total of 9,510 AEFI reports were obtained. Of these, 5,662 reports 
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(59.5 %) and 3,848 (40.5 %) were MMRV and MMR-V related, 
respectively. 

In the overall sample, 9,162 (96.34 %) reports concerned infants (i. 
e., from 28 days to less than 24 months; 94.51 % for MMRV and 99.04 % 
for MMR-V) and 323 (3.39 %) referred to children (i.e., from 2 to less 
than 12 years; 5.28 % for MMRV and 0.62 % for MMR-V). Table 1 shows 
the distribution of reports by sex and vaccine group. 

RR in the period between 2007 and 2022 for MMRV resulted of 69.07 
per 10,000 CE, meanwhile for MMR-V was 112.26 (p < 0.001). 

Ninety-eight percent (98.3 %) of the total reports showed either a 
complete resolution of the AEFI or an improvement. 

Serious reports were 1,491/9510 (15.7 %), specifically 1,116/5662 
(19.7 %) for MMRV and 375/3848 (9.7 %) for MMR-V. The proportion 
of males was 55.6 % (55.25 % for MMRV and 56.60 % for MMR-V). 

Table 2 shows the distribution of serious AEFIs according to seri
ousness criteria and vaccination approach. 

Reports with persistent/significant disability referred to autism/ 
developmental disorders (N = 4) and Type 1 diabetes (N = 1). All these 
conditions resulted as inconsistent with vaccination. Both life- 
threatening reports referred to thrombocytopenia and were judged as 
indeterminate and consistent, respectively. These cases were described 
as improved at follow-up. 

RR for serious events between 2007 and 2022 resulted in 12,86 per 
10,000 AD (1,484/1,154,313); respectively 13.67 per 10,000 AD 
(1,113/813,956) for MMRV and 10.90 (371/340,357) for MMR-V (p <
0.001). 

A total of 2170 reports with at least one PT IME was retrieved (22.82 
% of all reports). The most reported IME was “Hyperpyrexia” accounting 
for 92.1 % of all retrieved IME (respectively 91,2% for MMRV and 94.4 
% for MMR-V). 

Table 3 describes main characteristics of retrieved reports for 
considered conditions of interest resulted either consistent or indeter
minate at causality assessment. 

The case selection strategy is described in Supplementary file 3. 
Table 4 compares RR for MMRV and MMR-V consistent or indeterminate 
cases for each condition of interest. 

Regarding the secondary aim, no significant differences between sex 
and/or age class were found among all AEFIs (RR per 10,000 CE 
respectively 82.42 for males and 81.15 for females with a reporting rate 
ratio of 1,01). Distribution of serious AEFIs resulted significantly higher 
for males compared to females (RR 13.93 vs 11.72 per 10,000 CE, p <
0.001, RR ratio 1.19) and age class 0–2 (related to the first dose) 
compared to 3–12 (RR 31.82 vs 1.18 per 10,000 CE, p < 0.001, RR ratio 
26.96). Significant differences between sexes were also retrieved strat
ifying by age class and vaccine type, with RR for serious AEFIs signifi
cantly higher for males 0–2 years old receiving MMRV compared with 
females of the same age class and vaccine type (RR 29.73 vs 25.57 per 
10,000 CE, p < 0.05, male:female RR ratio 1.16). A significant statistical 
difference was also observed comparing males 0–2 years old receiving 
MMR-V with females of the same age class and vaccine type (RR 12.53 vs 
10.19 per 10,000 CE, p = 0.049, male:female RR ratio 1.23). 

Among the condition of interest, sex differences were analyzed for 
febrile convulsions and thrombocytopenia: no significant differences 
were retrieved, neither considering both formulations nor stratifying per 
vaccine type. However, RR for febrile convulsions following the MMRV 

vaccine showed a trend to significance (p = 0.07, male:female RR ratio 
= 1.36) when compared with the MMR-V schedule. 

4. Discussion 

Between 2007 and 2022, a high number of AEFI reports was 
collected, allowing an analysis of a significant amount of data. Overall, 
RR was higher compared to other passive surveillance studies conducted 
on the same vaccines (Pan et al., 2021). On the other hand, the pro
portion of serious reports was similar (between 10 % and 15 %) (Clothier 
et al., 2017). Despite underreporting being a well-known bias of passive 
surveillance studies, the high RR detected in our study supports the 
effective performance of the Italian passive surveillance system at 
regional level. Similar proportions in the distribution of reports between 
sexes were detected, as retrieved in comparable studies (Clothier et al., 
2017). 

As expected, almost all the reports regarded infants and children. It is 
worth noting that surveillance data from the first dose, covering 98 % of 
the received reports, reached high coverage rates (almost 95 %), 
ensuring potential comprehensive vaccine safety monitoring. 

Overall results support the evidence that MMRV and MMR-V vacci
nations have a good safety profile. Indeed, no signals were detected 
during the study period, and all identified AEFIs were expected ac
cording to the vaccines’ fact sheet. Moreover, follow-up data showed a 
positive outcome for the retrieved AEFIs. The only two life-threatening 
cases potentially related to vaccination referred to thrombocytopenia, a 
rare adverse event already detected in pre-clinical studies. Furthermore, 
both cases resulted improved at the time of reporting. No cases of death 
were retrieved. Finally, all cases with persistent disability were not 
consistent at causality assessment and mostly (4 out of 5) described 
autism and developmental disorders. Several studies have provided no 
support for an association between vaccinations and neuro- 
developmental or autism spectrum disorders (Taylor et al., 2014). In 
2019, a nationwide cohort study conducted in Denmark on 657,461 
children strongly supported the absence of an increased risk for autism 
following MMR vaccination (Hviid et al., 2019). Despite the evidence 
collected, cases of autism or developmental disorders have been re
ported even in the last few years. This confirms the difficulty in 
conveying scientific evidence to the public, while misleading informa
tion is more easily accessible. 

Our study shows a higher overall RR for MMR-V compared to MMRV. 
However, RR for serious events resulted significantly higher for MMRV. 

Supporting this result, an actual higher reactogenicity of MMRV 
formulation has been shown in different studies in the literature. Two 
metanalysis conducted to compare the immunogenicity and reac
togenicity of the two MMRV and MMR-V formulations found an 
increased incidence of fever and rash following MMRV administration 
(Ma et al., 2015a; Leung et al., 2015). The same result was found in an 
active surveillance study conducted in Italy between 2013 and 2014 

Table 1 
Distribution of reports by sex and vaccine group in the Veneto Region during the 
study period (2007–2022).   

MMRV MMR-V TOT  

N % N % N % 

MALE 2965  52.37 1934  50.26 4899  51.51 
FEMALE 2678  47.30 1906  49.53 4584  48.20 
UNKNOWN 19  0.34 8  0.21 27  0.28 
TOTAL 5662  3848  9510   

Table 2 
Distribution of serious events by seriousness criteria and vaccine group in the 
Veneto Region during the study period (2007–2022). (Other important medical 
events: When the event does not align with the other outcomes but still poses a 
risk to the patient, potentially necessitating medical or surgical intervention to 
prevent any of the other outcomes).   

MMRV MMR-V TOT  

N % N % N % 

OTHER IMPORTANT MEDICAL 
EVENTS 

957 85.7 339 90.4 1,296 87 

HOSPITALIZATION / PROLONGED 
HOSPITALIZATION 

152 13.6 36 9.6 188 13 

PERSISTENT / SIGNIFICANT 
DISABILITY 

5 0.4 – – 5 0.3 

LIFE THREATENING CONDITIONS 2 0.2 – – 2 0.1 
DEATH – – – – – –  
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(Cocchio et al., 2015). The higher incidence of fever observed for MMRV 
may lead to a potentially higher incidence of febrile convulsions, as 
reported in the literature (Cocchio et al., 2015; Ma et al., 2015b; Mac
Donald et al., 2014; Schink et al., 2014). Several cohort studies have 
evidenced a higher risk of febrile convulsions following MMRV immu
nization, especially seven to ten days after vaccination (MacDonald 
et al., 2014; Klein et al., 2012). A cohort study estimated a two-fold 
higher significant risk (2.20, 95 % CI 1.04–4.65) for MMRV vs MMR-V 
in a 5–12-day period (Jacobsen et al., 2009). Also, results from our 
study evidenced a significantly higher rate of febrile convulsions for 
MMRV compared to MMR-V (1.79 vs 1.09 per 10,000 CE). According to 
our data, the median time of occurrence of post-vaccination febrile 

seizures was 8 days, with a difference between the two immunization 
strategies. The interquartile range of the time of onset for MMRV was 
between 7 and 9 days and showed a peak 6–8 days after the injection, 
while MMR-V cases were distributed along an interquartile range be
tween 5 and 10 days. Moreover, no sequelae were observed, and most 
cases were completely solved at follow-up, supporting the good prog
nosis of these events. 

A few cases of seizures resulted as not related to fever, with a similar 
proportion between the two schedule types. It’s possible that at least 
some of these events were related to fever, but body temperature was 
not recorded. However, follow-up for these cases was limited to the 
resolution of the event and therefore it cannot be excluded that some of 
them were only later diagnosed with epilepsy or other neurological 
disorders. According to the literature, immunization is safe also for 
children with epilepsy and seizures and they are not associated with any 
sequelae or adverse outcomes (Klein et al., 2012). All cases were 
completely recovered at follow-up. 

Regarding gait disorders, published passive surveillance data re
ported a few cases occurred in a plausible time window after immuni
zation (Plesner et al., 2000). However, a large retrospective 
epidemiological study conducted over a 6-year period, retrieved no as
sociation with MMR vaccination (Miller et al., 2005). Indeed, a recent 
cohort study conducted on the US Vaccine Safety Datalink showed no 
risk difference in ataxia occurrence between MMRV and MMR-V either 
considering a focal (14–28 days) or broad (0–42 days) risk interval after 
immunization (Klein aet al., 2015). Consistently, in our study no sta
tistically significant differences between RR among the two strategies 
were observed. A post-marketing surveillance study conducted in the US 
(Sharrar et al., 2000) estimated an incidence of ataxia following 

Table 3 
Characteristics of consistent or indeterminate reports describing conditions of specific interest retrieved during the study period (2007–2022).  

CONDITIONS N AGE N 
(%) 

SEX N (%) VACCINE N 
(%) 

DIAGNOSTIC 
CERTAINTY N 
(%) 

TIME OF 
ONSET* 
(days) 

OUTCOME N (%) FREQUENCY OF 
OCCURENCY 
(ACCORDING TO DATA 
SHEET) 

FEBRILE CONVULSIONS 184 1 year old 
= 181 
(98.4) 
2 years 
old = 2 
(1.1) 4 
years old 
= 1 (0.5) 

M = 101 
(54.9) F = 82 
(44.6) 
unknown = 1 
(0.54) 

MMRV = 146 
(79.3) MMR- 
V = 38 (20.6) 

1 = 54 (29.3) 2 
= 9 (4.9) 
3 = 9 (4.9) 4 =
112 (60.9) 

median = 8 
quartiles =
7–9 

complete resolution =
173 (94.02) 
improvement = 2 (1.1) 
sequelae = 2 (1.1) not 
available = 8 (4.3) 

Not frequent 
(≥1/1,000, < 1/100) 

AFEBRILE SEIZURES 7 1 year old 
= 7 

M = 4 (57.1) F 
= 3 (42.8) 

MMRV = 5 
(71.4) MMR- 
V = 2 (28.6) 

1 = 4 (57.1) 4 =
3 (42.8) 

Median = 7 
quartiles =
5–10 

complete resolution = 5 
(71.43) 

Not known 

ATAXIA 10 1 year old 
= 8 (80) 
2 year old 
= 2 (20) 

M = 7 (70) F 
= 3 (30) 

MMRV = 7 
(70) MMR-V 
= 3 (30) 

not applicable median = 5 
quartiles =
3–10 

complete resolution = 7 
(70) 
improvement = 1 (10) 
not yet recovered = 1 
(10) not available = 1 
(10) 

Rare (≥1/10,000, < 1/ 
1,000) 

ENCEPHALITIS 4 1 year old 
= 3 (75) 
2 years 
old = 1 
(25) 

M = 3 (75) F 
= 1 (25) 

MMRV = 4 1 = 2 (50) 2 = 1 
(25) 4 = 1 (25) 

median =
7.2 
quartiles =
4–10.25 

complete resolution = 3 
(75) 
not available = 1 (25) 

Not known (observed in 
severe 
immunocompromised) 

GUILLAIN-BARRE 
SYNDROME 

1 6 years 
old 

M MMRV 1 14 complete resolution Not known 

THROMBOCYTOPENIA 20 1 year old 
= 19 (95) 
5 years 
old = 1 
(5) 

M = 11 (55) F 
= 9 (45) 

MMRV = 18 
(90) MMR-V 
= 2 (10) 

1 = 18 (90) 4 =
2 (10) 

median =
18 quartiles 
= 14–7.5 

complete resolution =
13 (65) improvement =
6 (30) not yet recovered 
= 1 (5) 

Not known 

NEUTROPENIA 2 1 year old 
= 2 

M = 1 (50) F 
= 1 (50) 

MMRV = 2 1 = 1 (50) 4 = 1 
(50) 

median =
5.5 

complete resolution = 1 
(50) not available = 1 
(50) 

Not reported 

HENOCH-SCHONLEIN 
PURPURA 

1 1 year old F MMR-V 2 15 complete resolution Rare (≥1/10,000, < 1/ 
1,000) 

*Systemic adverse reactions following live vaccines may occur after the first 72 h from injection (time window 3–21 days). 

Table 4 
Reporting Rate of MMRV and MMR-V (consistent or indeterminate cases) for 
included conditions of specific interest calculated over the entire study period 
(2007–2022).  

CONDITIONS MMRV RR 
(per 10,000 
CE) 

MMR-V RR 
(per 10,000 
CE) 

SIGNIFICANCE 

FEBRILE SEIZURES 1.79 1.08 p < 0.01 
AFEBRILE SEIZURES 0.086 0.058 Not significant 
ATAXIA 0.086 0.086 Not significant 
THROMBOCYTOPENIA 0.22 0.05 p = 0.056 
HENOCH-SCHONLEIN 

PURPURA 
– 0.03 – 

ENCEPHALITIS 0.049 – – 
NEUTROPENIA 0.024 – – 
GUILLAIN-BARRÉ 

SYNDROME 
0.01 – –  
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varicella vaccination of 0.15 cases every 100,000 CE. We observed a 
similar RR. These rates are much lower than the ones following infection 
(5/100,000) (van der Maas et al., 2009). 

Several epidemiological studies investigated the risk of encephalitis 
following MMR vaccination and found no causal correlation (Mäkelä 
et al., 2002; Pahud et al., 2012; Ray et al., 2006; Ward et al., 2007). In 
the literature there is no evidence of a differential risk between the two 
schedules (Klein et al., 2015). All our cases of encephalitis followed 
MMRV and were improved or completely recovered at follow-up. 

In our study, we found only one case of GBS, which was likely related 
to EBV concomitant infection. In any case, the literature does not pro
vide any evidence of a possible causal relationship with MMRV/MMR-V 
vaccination (Demicheli et al., 2012; Patja et al., 2001). 

The risk of developing idiopathic thrombocytopenic purpura (ITP) 
following MMRV or MMR-V vaccinations has been documented in 
several studies (Bertuola et al., 2010; Black et al., 2003; Klein et al., 
2015). The physio-pathological mechanism may depend on cross- 
reactive autoantibodies against antigens naturally present on platelets 
(Cecinati et al., 2013). In children the estimated relative risk of devel
oping ITP in the six weeks following vaccination was found to be be
tween 2.14 and 6.3 (Bertuola et al., 2010; Black et al., 2003; Cecinati 
et al., 2013; Miller et al., 2001). According to a systematic review, the 
incidence rate of ITP following MMRV/MMR-V vaccinations is 2.6/ 
100,000 vaccine doses (range 0.09–4) (Mantadakis et al., 2010), much 
lower than the background rate of ITP in children aged 1–7 years old 
(10.5/100,000) (Wormsbecker et al., 2019) and the incidence rate of ITP 
following natural measles (33/100,000) and rubella infections (between 
6 and 1,200/100,000) (Mantadakis et al., 2010). Furthermore, ITP 
following immunization is described as less serious, with mild symptoms 
such as bruising and petechiae and no lasting effects, whereas ITP 
following viral infections chronicizes in 25–28 % of cases (Cecinati et al., 
2013). Our results show similar RR and all cases showed improvement 
or were completely solved at follow-up. The risk–benefit profile is such 
that the American Society of Hematology recommends MMR vaccina
tion in unimmunized children with a history of ITP (Harris et al., 2017). 
According to our study, RR for MMRV resulted higher than MMR-V with 
a trend towards significance (p = 0.056) but this evidence was not 
confirmed in the literature (Klein et al., 2015). 

According to the literature, also neutropenia is not uncommon 
following live vaccine administration (Muturi-Kioi et al., 2016). An 
Italian case report described two cases of transient neutropenia 
following MMRV immunization that occurred in one-year-old children 
(Giannotta, 2018). According to our study only two cases were found; 
one case had recovered at follow-up, while the other one had no follow- 
up available. 

Schönlein-Henoch Purpura (HSP) is the most common vasculitis in 
childhood, with an estimated incidence of 6.2 cases for 100,000 children 
per year (Watson et al., 2012). A much lower rate was found after MMR 
immunization during an active surveillance study following a two-year 
mass vaccination campaign (2.14/1,000,000 CE) (Shu et al., 2011). In 
our passive surveillance study, only one case was retrieved, and a 
favorable prognosis was found. According to the literature, the causal 
association between immunization and HSP is still uncertain. A case 
cross-over study comparing the exposure to MMR vaccination of 167 
children suffering from HSP found no significant association (OR 1.6, 95 
% CI 0.8–3) (Piram et al., 2018). On the other hand, a case-control study 
conducted in Italy on 288 cases and 617 controls estimated an increased 
risk of HSP after vaccination (OR 3.4; 95 % CI 1.2–10) (Da Dalt et al., 
2016). 

Regarding the analysis of possible sex differences, our results showed 
a significantly higher rate of serious events for males 0–2 years old, both 
overall and stratified per vaccination strategy. However, the RR ratio 
resulted in limited clinical relevance with an increased risk between 16 
% and 23 %. This difference is not related to a reporting bias since no 
differences were observed among overall reported AEFIs between males 
and females. Indeed, other authors found higher RR for adult females, 

while no differences were observed for infant and childhood vaccines 
(Neunert et al., 2019). According to our data, the observed difference 
does not involve either febrile convulsions or thrombocytopenia. Liter
ature regarding sex differences in vaccine safety profiles is scarce. To 
explore this issue, a systematic review conducted in 2014 retrieved only 
3 studies that referred to MMR(V) (two RCTs and 1 cohort study) (Weber 
& Schlagenhauf, 2014). The authors concluded that the only retrieved 
difference regarded the incidence of arthralgia, which resulted higher in 
adolescent females compared to males. A self-Controlled Case Series 
(SCCS) study using Vaccine Safety Datalink identified a higher incident 
rate ratio of immune thrombocytopenia following MMR for males 
compared to females (14,59 vs 3,22). Although our data retrieved a 
higher RR for thrombocytopenia for males compared to females, this 
evidence was not significant. 

4.1. Strengths and limitations 

The RNF, a spontaneous reporting system, faces limitations like 
underreporting, incomplete information, and difficulty establishing 
precise vaccine-AEFI causality. Despite biases, passive surveillance acts 
as an early warning system, utilizing extensive data. This aided safety 
profile exploration for measles-mumps-rubella and varicella vaccines, 
including rare events. The availability of administered doses enabled 
reliable RR comparisons. Analyzing reports by specific conditions 
identified serious cases linked or potentially related to immunization. 

5. Conclusion 

The increase in mandatory vaccines has affected the population’s 
confidence in immunization. This led to the need to develop strategies to 
counteract a dangerous distrust. A key role is played by vaccine vigi
lance which needs to strengthen its activities to produce detailed safety 
data that can be transparently communicated. The present study 
analyzed a great number of reports confirming the safety of both MMRV 
and MMR-V schedules. Indeed, even if, according to literature, the 
causal role of vaccinations still needs to be established for a few of the 
conditions of interest, these events emerged as extremely rare, not 
affecting the risk–benefit ratio. Furthermore, despite MMRV appeared to 
be slightly more frequently associated with AEFI than MMR-V, at least 
about the serious AEFI, the retrieved difference is minimal and does not 
affect the advantages of single versus double injection of MMR-V. 
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